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Background
Despite the known benefits of physical activity (PA) among people with anxiety, little is known about PA levels in people with anxiety at the population level. This study explored the global prevalence of anxiety and its association with PA.
Methods
Cross-sectional, community-based data from the World Health Survey was analyzed.
Prevalence of anxiety was estimated for 237,964 individuals (47 countries). PA was categorized as low, moderate, and high based on the International Physical Activity Questionnaire (short form). The association between PA and anxiety was assessed by multivariable logistic regression.
Results
The overall global prevalence of anxiety was 11.4% (47 countries). Across 38 countries with available data on PA, 62.5%, 20.2%, and 17.3% of the sample engaged in high, moderate, and low levels of PA respectively. The prevalence of low physical activity in those with and without anxiety was 22.9% vs. 16 .6% (p<0.001) (38 countries, n=184,920) . In the pooled model adjusted for socio-demographics, depression, and country, individuals engaging in low PA (vs. high PA) had 1.32 (95% CI=1.17-1.47) times higher odds for anxiety than those with high PA. Female sex, older age, lower education and wealth, and depression were also associated with low PA. At the individual country level, there was a significant positive association between low PA and anxiety in 17 of the 38 countries.
Conclusion
Low PA levels are associated with increased prevalence of anxiety. There is a need for longitudinal research to establish the directionality of the relationships observed.
Introduction
Anxiety is a common and burdensome mental health complaint 1 which can greatly impair an individual's functioning, quality of life and well-being 2, 3 . Symptoms of anxiety are personified by nervousness, pervasive thoughts of worry and pessimism, which if left untreated can develop into an anxiety disorder 4 . The global prevalence of anxiety disorders ranges from 2.4% to 29.8% in the past year 5 , whilst high prevalence of subthreshold anxiety 1 and symptoms of anxiety are also common and problematic across the lifespan [6] [7] [8] . Anxiety disorders are the sixth leading cause of disability, in terms of years lived with disability, in both high-income and low-and middle-income countries. Globally, anxiety disorders accounted for 390 disability-adjusted life years per 100,000 persons in 2010, with no discernible change observed over time 8 . The burden of anxiety is increased even more by the high risk of co-morbid cardiovascular diseases and associated premature mortality 9, 10 .
Therefore, it is not a surprise that the global financial burden of anxiety is substantial, owing to lost work productivity and high medical resource use 11, 12 .
Antidepressants such as selective serotonin reuptake inhibitor (SSRI) or serotoninnorepinephrine reuptake inhibitor (SNRI) or benzodiazepines 13, 14 are the frontline treatment of anxiety symptoms among people with anxiety disorders 1515 while cognitive behavioral therapy is efficacious in reducing anxiety symptoms 16, 17 . More recently, evidence has been accumulating that self-help interventions may also be beneficial in people with anxiety disorders 18 . For example, physical activity has been proposed as such a self-management strategy [19] [20] [21] . Previous systematic reviews [19] [20] [21] have suggested that physical activity is helpful in reducing anxiety symptoms, while its role in preventing cardio-metabolic risks is largely known 22 . People with anxiety may be at increased risk of cardiovascular disease and poorer cardiorespiratory function 23 and physical activity may help improve these outcomes 24 .
Despite the established benefits of physical activity in people with anxiety, little is known about physical activity levels in this population. Studies that have considered the relationship between physical activity and anxiety have been of small sample sizes and limited to one country [25] [26] [27] [28] . In addition, at the population level, there is a paucity of information on factors that might influence physical activity and anxiety. Such information might prove useful for developing interventions.
Given the aforementioned, using multi-country data from the World Health Survey, the current paper set out with the following aims: (a) describe the concurrent global prevalence of physical activity and anxiety; and (b) explore the association between anxiety and physical activity.
Methods

The survey
Data from the current study derives from the World Health Survey (WHS). The WHS was a cross-sectional, community-based survey carried out in 70 countries between 2002 and 2004.
Data were collected using single-stage random sampling in 10 countries, while stratified multi-stage random cluster sampling was employed in 60 countries. Survey details are available elsewhere (http://www.who.int/healthinfo/survey/en/). Briefly, individuals with a valid home address aged ≥18 years were eligible to participate. The questionnaire was subject to standard translation procedures to ensure comparability across languages and cultures.
Information was obtained through face-to-face and telephone interviews conducted by trained interviewers. Across all countries, the individual response rate was 98.5% 29 . To adjust for non-response, sampling weights were generated using the population distribution as reported by the United Nations Statistical Division. Ethical approval for the survey was provided by ethical boards at each study site. All participants provided their informed consent.
Variables
Anxiety (outcome variable)
Anxiety was assessed by the question 'Overall in the past 30 days, how much of a problem did you have with worry or anxiety' with answer options being none, mild, moderate, severe, and extreme. In accordance with previous WHS publications, those who answered severe and extreme were considered to have anxiety within the current study 30, 31 .
Physical activity (exposure variable)
Physical activity was assessed using the short form of the International Physical Activity One MET is defined as 1 kcal/kg/hour and is more or less equivalent to the energy cost of sitting quietly 32 . Those who neither meet the moderate nor high criteria were categorized in the low level physical activity group. These category definitions correspond to the criteria used for classifying people as insufficiently active in the largest study of global physical activity levels to date 33 .
Control variables
Information on sex, age (18-34, 35-59, ≥60 years), education, wealth, and depression were used for adjustment. Education was categorized as: no formal education, primary education, secondary or high school completed, or tertiary education completed. Principal component analysis based on 15-20 assets was conducted to create country-wise wealth quintiles. The DSM-IV algorithm was used to identify depression based on the duration and persistence of past-12 month depressive symptoms 30 .
Statistical analysis
The statistical analysis was done with Stata 14.1 (Stata Corp LP, College station, Texas). Of the 69 countries for which data were publically available, 10 countries with no sampling information (Austria, Belgium, Denmark, Germany, Greece, Guatemala, Italy, Netherlands, Slovenia, UK) were excluded. We subsequently excluded 12 countries (Congo, France, Finland, Ireland, Israel, Luxembourg, Morocco, Norway, Portugal, Slovakia, Swaziland, Sweden) as they either did not have information on anxiety, or because >25% of the data on anxiety was missing. We calculated the age-and sex-adjusted prevalence of anxiety for all 237,964 individuals aged ≥18 years in these 47 countries. For all other analyses, we further excluded 9 countries (Chad, Ecuador, Ethiopia, Latvia, Mali, Mauritania, Senegal, Turkey, Ukraine), which were either completely missing data on physical activity or had >25% of the data missing. Thus, in all subsequent analyses, 38 countries were included, and we restricted the sample to those aged 18-69 years since the IPAQ is considered to be valid for this age range 34 . The sample size after this restriction was 184,920. Age-and sex-adjusted estimates for anxiety and physical activity for each country were estimated by using the United Nations population pyramids for the year 2010 (http://esa.un.org/wpp/Excel-Data/population.htm) as the standard population. The difference in sample characteristics between those with and without anxiety was tested by Chi-squared tests. Using the pooled sample, multivariable logistic regression analysis was done to assess the association between physical activity (low, moderate, high) and anxiety. We constructed 4 models to assess the influence of the inclusion of different covariates into the models: Model 1 -adjusted for country; Model 2 -adjusted for sex, age, and country; Model 3 -adjusted for sex, age, education, wealth, and country; Model 4 -adjusted for sex, age, education, wealth, depression, and country. Adjustment for country was done by including dummy variables in the models, as in previous WHS publications 29, 30 .
We also tested for effect modification by gender and age groups (18-34, 35-59, ≥60 years) in the association between low PA and anxiety by including interaction terms (i.e. low PA X gender, or low PA X age group) in the fully adjusted model (Model 4).
Finally, country-wise multivariable logistic regression models were constructed to assess the association between low physical activity and anxiety. The estimates for each country were also combined into a random-effect meta-analysis. This was done to assess the generalizability of our findings across countries. Based on the results of the pooled analysis, we decided to: (1) collapse the high and moderate levels of physical activity for country-wise analyses as the association between anxiety were similar for these two categories; and (2) adjust only for age and sex as other variables had little influence in the association between physical activity and anxiety. The sample weighting and the complex study design were taken into account in all analyses. Results from the logistic regression models are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at P<0.05.
Results
The country sample size ranged from 929 (Latvia) to 38,746 (Mexico) ( Table 1) . The overall crude prevalence of anxiety in 47 countries was 11.4% (95%CI 11.1%-11.8%). The age-and sex-adjusted prevalence of anxiety varied widely between countries and ranged from 1.1%
(China, Vietnam) to 79.2% (Kazakhstan), with Sri Lanka (64.9%), Brazil (22.4%), and Bangladesh (20.9%) also having high rates of anxiety. The country-wise prevalence of anxiety is graphically displayed in Figure 1 . Most countries in Asia had low prevalence of anxiety with the exception of the Indian subcontinent, Kazakhstan, and Turkey. Africa had a mix of low and high rates of anxiety, while higher prevalence were observed in SouthAmerica. (table 2) . Table 2 here
Association between physical activity and anxiety
The association between physical activity and anxiety estimated by logistic regression is shown in Table 3 Figure 2 here
Discussion
Our paper reiterates the high prevalence and disease burden of anxiety globally. To the best of our knowledge, our analyses are the first to suggest on a global level that engaging in low physical activity levels (i.e. being physically inactive) is associated with anxiety. Specifically, after full-adjustment, compared to high physical activity, individuals engaging in low physical activity had 32% higher odds of experiencing anxiety, while there was no significant difference for moderate levels of physical activity. Low levels of physical activity, female sex, older age, lower socio-economic status (education and wealth), and depression were associated with a higher prevalence of anxiety. In addition, our country-wide meta-analysis exploring the association between low physical activity and anxiety demonstrated a pooled adjusted OR of 1.43 (95%CI=1.27-1.62) with a significantly positive association being observed in 17 of the 38 countries.
In our study, age, gender, wealth, education, and depression did not have a large influence on the association between PA and anxiety. This suggests that other factors might play a role. Previous research in Taiwan indicated that in young children with anxiety, physical activity participation is significantly correlated with perceived physical benefits, higher levels of self-efficacy, more social support, and less reported barriers 35 . These are consistent with evidence for healthy individuals and may be important factors that were not measured in our study but are key factors to increase physical activity among those with anxiety. Also, previous research in people with panic disorder identified that higher levels of somatic, but not cognitive symptoms may prevent physical activity behavior 26 . Clearly, representative research investigating physical activity levels and anxiety is in its infancy and future longitudinal research should explore the directionality and factors influencing this relationship. In particular, next to exploring the role of self-efficacy and social support on physical activity levels in people with anxiety on a global level, culture-specific benefits of and barriers for physical activity should be investigated in this population. Understanding such factors may result in the development of population level and community specific interventions to increase physical activity that are inclusive of people experiencing anxiety.
Considering the benefits of physical activity on wellbeing 36 , cardiovascular disease and mortality 36 , it is important that population-level interventions are developed in order to increase physical activity and take into account the high prevalence of anxiety globally.
The fact that no age-or gender-interaction effects were found points to the need to prescribe physical activity across the lifespan, at the earliest stages, and for both genders. At the other end of the physical activity spectrum, recent systematic reviews have suggested that higher levels of sedentary behavior are associated with an increased risk of future anxiety in people without depression 37, 38 . Moreover, recent literature in adolescents has attempted to disentangle the potential relationships, and found that experimentally-induced sedentary behavior among previously active young adults is associated with increased anxiety levels 39 .
Therefore, sedentary behavior, even at a young age, may lead to anxiety through biological pathways 39 . For example, engaging in screen-based sedentary behaviors, has been shown to increase the arousal of the central nervous system in children 40 , which could in turn increase anxiety 40 . Additionally, screen-based entertainment has also been linked to disrupted sleeping patterns, which may also elevate levels of anxiety 41 . An earlier randomized control trial of experimentally induced sedentary behavior demonstrated that increases in sedentary behavior were associated with lower mood, which was explained from a worsening inflammatory profile 42 . Although we recognize that sedentary behavior has been identified as a separate risk factor to insufficient physical activity for several health-related outcomes, it is widely accepted that these two behaviors often occur in tandem across the lifespan and are likely to have similar mental health implications [43] [44] [45] .
Another potential hypothesis of the link between low physical activity and anxiety may be explained by the social withdrawal theory. This posits that not engaging in physical activities may lead to social solitude and withdrawal from interpersonal relationships, both of which have been linked to increased feelings of social anxiety 46 . On the other hand, it may be that those with anxiety are less inclined to engage in physical activity as a means of coping with their anxiety symptoms, as has been suggested in previous research amongst people with mental illness with social physique anxiety 47 . However, more research on the role of social anxiety on physical activity participation across different cultural settings is now needed to make any firm conclusions. Large scale representative data should explore the prospective relationship between physical activity and anxiety.
Practical implications
The current data highlight that anxiety is a common problems across the world and is associated with low levels of physical activity. Policy makers should invest in promoting physical activity at a population level as well as through adapted services that are most likely to reach people experiencing anxiety. This may include the provision of specific training to improve the mental health awareness and intervention delivery skills of clinicians most commonly involved with physical activity promotion, such as medical personnel, physiotherapists and exercise physiologists 48, 49 . These providers should be able to recognize the signs and symptoms of anxiety and demonstrate basic knowledge of the causes. It is also important that the current workforce understand the most effective methods for implementing a behavioral intervention in this sub-population, which requires further investigation in relation to physical activity promotion.
Research should explore the most optimal form of physical activity delivery. For example, effectiveness trials in different cultural settings could explore whether assisting people with anxiety in fulfilling three universal, psychological needs: (a) the need for autonomy (i.e., experiencing a sense of psychological freedom when engaging in exercise), (b) the need for competence (i.e., ability to attain desired outcomes following the exercise program), and (c) the need for relatedness (i.e., being socially connected when being physically active) will increase the likelihood that they adopt or maintain an active lifestyle 50 . 50 . Ministries of health and education play a critical role in governance and policy development. Physical activity needs to be mainstreamed in existing health policies and strategies at all levels of intervention including primary health care. Furthermore, governments should seek ways to provide appropriate environments for physical activity including, space, infrastructure and tools.
Finally, governmental and non-governmental agencies will do well to increase public health awareness of the importance of physical activity in people with anxiety. For example, physical activity should be integrated into the existing Information, Education and Communication (IEC), especially on mental health and lifestyle diseases public health awareness programs of the World Health Organization 51 . Targeted and regular messages should be developed in order to make such campaigns affordable. The benefits of engaging in physical activity in people with anxiety should be properly outlined; any fears and wrongly held beliefs within various cultural contexts dispelled and dealt with, precautions to take as regards to starting at a low intensity and ways to maintain an active lifestyle should be included in the awareness programs across communities and policy makers.
Limitations
The current findings should be interpreted in light of some limitations. First, the study is cross-sectional, therefore the directionality of the relationships we observed cannot be deduced readily. For example, it remains unclear whether lack of physical activity was caused by anxiety or vice versa. Second, although the response rate of the survey was high, our results may still be prone to Berkson's bias. For example, more anxious and/ or suspicious individuals may not have taken part in the WHS.. In addition, the fact that institutionalized individuals were excluded from the survey may also mean that individuals with higher levels of anxiety or low physical activities were not included in the analysis.
Thus, our results may not be representative of severe cases of anxiety or low physical activity. Third, the anxiety variable used was based on a single question. However, this question has been used in previous WHS publications to define anxiety 30, 31 , and the use of extreme categories may have improved specificity. Moreover, there was variation in the prevalence of anxiety across different countries, which has previously been reported 8 .
Fourth, our sample included a relatively low prevalence of insufficiently active adults of 17.3% when compared to previous global calculations of 31.1% 33 . However, this is explained by the use of the IPAQ measurement tool for our data, which is widely known to over-report PA participation and was adjusted accordingly in previous global estimates. Fifth, we only adjusted for depression as a co-morbid mental health condition and did not consider other comorbidities such as bipolar disorder. Future research may wish to investigate in detail the influence of additional mental health comorbidities on the relationship between anxiety and physical activity. Sixth, the sample was restricted to 18-69 and it remains unclear if the relationships we observed are similar in people outside of this range. Furthermore, the WHS was conducted over a decade ago and our results may not reflect the current situation in some countries. Finally, it is important to note that the cut-points used for defining the physical activity prevalence into low, moderate and high categories corresponded to previous global recommendations that were based primarily on epidemiological evidence for its cardiorespiratory and metabolic health-related impact. We applied these cut-points because they most closely approximated existing evidence for the global prevalence of physical activity 33 , and as yet, there is limited dose-response research to formulate specific physical activity recommendations for mental health outcomes. Nonetheless, the strengths of the study include the multi-national scope, including most regions of the world. Moreover, the present study was performed with nationally representative samples of non-institutionalized persons.
In conclusion, the current study demonstrates high global levels of anxiety. Our global data also suggests that anxiety is associated with less physical activity. Physical activity needs to be mainstreamed in existing health policies and strategies at all levels of intervention including primary health care. To this end, policy makers and budget holders should invest in physical activity as part of a multidisciplinary treatment package while professionals should be able to improve their mental health skills. Finally, (inter)national agencies should increase public health awareness of the importance of physical activity across all people due to the established benefits but also include those with anxiety who are at particular risk of inactivity, which may exacerbate ill health further. Providing the financial resources to deliver these interventions and awareness campaigns may prove cost-effective through reducing the sizeable economic health burden associated with physical inactivity. JR is funded by an NHMRC Early Career Fellowship (Australia). Data are unweighted N and weighted % (SE).
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Figure 1 Age-and sex-adjusted prevalence (%) of anxiety in 47 countries
Estimates were calculated using the United Nations population pyramids for the year 2010. Figure 2 The association between low physical activity (independent variable) and anxiety (dependent variable) estimated by logistic regression adjusted for sex and age in 38 countries Abbreviation: OR odds ratio; CI confidence interval Restricted to those aged 18-69 years. Overall pooled estimate was based on meta-analysis with random effects.
